Species boundaries were assessed by phenetic analyses of morphological data for all species of wild potatoes (Solanum section Petota) assigned to ser. Longipedicellata: S. fendleri, S. hjertingii, S. matehualae, S. papita, S. polytrichon, and S. stoloniferum. These six tetraploid species grow in the southeastern United States (S. fendleri) and Mexico (all six species). We also analyzed morphologically similar species in ser. Demissa (S. demissum) and ser. Tuberosa (S. avilesii, S. gourlayi, S. verrucosum). We chose S. verrucosum and S. demissum as Mexican representatives, and S. avilesii and S. gourlayi as South American representatives of other series that are difficult to distinguish from ser. Longipedicellata. We also analyzed morphologically more dissimilar species in ser. Tuberosa (S. berthaultii) and ser. Yungasensia (S. chacoense). The results support only three species in ser. Longipedicellata: (1) S. polytrichon, (2) S. hjertingii ϩ S. matehualae, (3) S. fendleri ϩ S. papita ϩ S. stoloniferum. Solanum avilesii, S. gourlayi, and to a lesser extent S. demissum and S. verrucosum are very similar to members of ser. Longipedicellata and are difficult to distinguish practically from them, despite differences in chromosome numbers and crossability relationships. These data help document and explain the extensive taxonomic difficulty in sect. Petota, highlight conflicts between biological and morphological species concepts, and add to a growing body of evidence that too many wild potato species are recognized.
Solanum L. sect. Petota Dumort., the potato and its wild relatives, is distributed from the southwestern United States to southern Chile, with a concentration of diversity in the Andes. The latest comprehensive taxonomic treatment of the group (Hawkes, 1990) recognized 232 species, partitioned into 21 series. However, nine of these species are members of separate non-potato clades and are alternatively treated in sect. Etuberosum (Buk. and Kameraz) A. Child, sect. Lycopersicum (Mill.) Wettst., or sect. Juglandifolium (Rydb.) A. Child (Child, 1990; Spooner, Anderson, and Jansen, 1993; Contreras and Spooner, 1999) . There are several disagreements regarding the number of species and their assignment to series throughout sect. Petota (Spooner and Sytsma, 1992; Spooner and van den Berg, 1992a) .
Our study examines species boundaries of all six tetraploid (2n ϭ 4x ϭ 48) wild potato species in Solanum ser. Longipedicellata Juz., all of which have Endosperm Balance Numbers (EBN, see below) of 2. The standard citation of this ploi-1 Manuscript received 9 November 1999; revision accepted 18 February 2000.
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dy and EBN combination is 4x(2EBN). These six species are S. fendleri A. Gray, S. hjertingii Hawkes, S. matehualae Hjert. & T.R. Tarn, S. papita Rydb., S. polytrichon Rydb., and S. stoloniferum Schltdl. & Bouchet. They grow in the southeastern United States (S. fendleri) and Mexico (all six species) and constitute all the members of ser. Longipedicellata except for S. ϫ vallis-mexici Juz., a localized triploid of putative hybrid origin between S. verrucosum Schltdl. (ser. Tuberosa Rydb. [Hawkes] ) and S. stoloniferum (Hawkes, 1990) . The treatment of section Petota by Hawkes (1990) is the latest of many often-conflicting attempts at formal infrasectional classifications (Spooner and Sytsma, 1992; Spooner and van den Berg, 1992a ). Hawkes's (1990) series classification has been discordant with phylogenies from chloroplast DNA restriction site data (cpDNA; Spooner and Sytsma, 1992; Spooner and Castillo, 1997) , and Amplified Fragment Length Polymorphisms (AFLPs; Kardolus, 1998) . The cpDNA data group all members of ser. Longipedicellata into a large clade that also includes all other Mexican and Central American polyploid species, the diploid Mexican species S. verrucosum, and most of the South American species. The AFLP data place all members of ser. Longipedicellata into a single clade, sister to S. verrucosum; sister to this clade is S. brachycarpum Correll (ser. Demissa); sister to this clade are South American species. Morphological data show S. fendleri (ser. Longipedicellata) to be distinguished from other South American species in the Solanum brevicaule complex only by character states that overlap in range . In summary, members of ser. Longipedicellata are difficult to distinguish [Vol. 87 AMERICAN JOURNAL OF BOTANY from members of other series in Mexico and in South America. It may be a natural group based partly on crossability data (below), shared tetraploid genomes, and restriction to North America and Mexico, but this is unresolved. We designed our study to explore the status of the six species in ser. Longipedicellata and the morphological distinction of this series from similar series.
We analyzed morphologically similar species in ser. Demissa Juz. [S. demissum Lindl. 6x(4EBN)] and ser. Tuberosa [S. avilesii Hawkes & Hjert., S. gourlayi Hawkes, and S. verrucosum, all 2x(2EBN) ], and morphologically more dissimilar species in ser. Tuberosa [S. berthaultii, 2x(2EBN) ] and ser. Yungasensia Correll [S. chacoense Bitter, 2x(2EBN)]. We chose S. demissum and S. verrucosum as Mexican representatives and S. avilesii and S. gourlayi as South American representatives of other series that are morphologically similar to members of ser. Longipedicellata. Solanum demissum was examined by Spooner, van den Berg, and Bamberg (1995) with morphological data, and forms a close phenetic group with the South American ser. Acaulia, rather than with ser. Demissa. We re-examine it here because of morphological similarity to S. stoloniferum, S. fendleri, and S. verrucosum (see below).
Our study is designed to be compared to a similar morphological study of the Solanum brevicaule complex, a group of ϳ30 South American wild potato taxa, including diploids, tetraploids, and hexaploids, that are very similar to the cultivated potato. The species boundaries of this complex were investigated by van den Berg, Groendijk-Wilders, and Kardolus (1996) , and van den with morphological data, and Miller and Spooner (1999) with molecular data. The two latter studies were concordant in suggesting that these 30 taxa could at best be partitioned into three species. These studies showed that although S. fendleri could be distinguished from members of this complex, this could only be done with multivariate techniques using quantitative character states that overlap in range. The present study includes four species as ''placeholders'' that were investigated in common between these studies: S. fendleri (ser. Longipedicellata), S. avilesii, S. gourlayi, and S. verrucosum (ser. Tuberosa) . (1962) and Hawkes (1990) provided the latest comprehensive treatments of sect. Petota and therefore will form the basis for comparison to our study. They had slightly different concepts regarding affiliations of species to ser. Longipedicellata, ser. Demissa, and ser. Tuberosa. Correll (1962) Hawkes [1990] in ser. Transaequatorialia Buk. ex Kameraz) largely by geographical data and provided no species-specific characters. Hawkes (1990) distinguished ser. Longipedicellata by having a corolla with a ''completely circular appearance with acumens standing out sharply from it,'' or with corollas ''occasionally substellate to pentagonal.'' He stated that ''the corolla lobes [of ser. Tuberosa] are not formed so as to give a circular appearance to the flower.' ' Hawkes (1990) distinguished ser. Demissa (excluding S. verrucosum placed in ser. Tuberosa by Correll [1962] ) by ''corolla lobes very short and flat, with small acumens (1.5-2 mm long), giving the flowers a tenlobed appearance.'' Members of these series are morphologically similar to each other in floral and vegetative traits, and the species distinctions can be vague. Gray (1886) noted the similarity of S. fendleri to the cultivated potato S. tuberosum L. (ser. Tuberosa) and synonymized it under S. tuberosum var. boreale A. Gray. Problems in distinguishing members of different series also were noted by Correll (1962, p. 364) : ''In my opinion, the confusing of some plants of S. verrucosum with some plants of S. demissum is excusable. In fact, many plants collected in nature cannot be placed with certainty into either category, while specimens of cultivated plants of both S. verrucosum and S. demissum are exceedingly variable. '' Correll (1962, pp. 380-382) continued: ''Vegetatively, many plants of S. fendleri, S. demissum, S. verrucosum, and S. stoloniferum found in nature approach one another very closely, and because of this I have leaned heavily on the shape of the corolla for separation of these plants. . . It must be noted, however, that variations are frequent and must be taken into consideration. . . All of these species, however, are exceedingly variable, especially in the size of the corolla, and the amount of pubescence present on the plant.'' Both authors also had slightly different concepts regarding species boundaries within ser. Longipedicellata. We summarize the characters they use in the keys and descriptions in Table 1 and provide a comparison of their species boundaries and affiliations to species and series in Fig. 1 .
Morphological criteria and species boundaries-Correll
Biological criteria used to define ser. LongipedicellataMembers of Solanum ser. Longipedicellata are characterized by three key biological criteria (1) AABB genomes, (2) 4x(2EBN) crossability relationships, and (3) free interspecific crossability.
Genome hypotheses of ser. Longipedicellata-Within sect. Petota and the closest non-tuber-bearing relatives in section Etuberosum, chromosome pairing relationships have been interpreted by genome formulae (Marks, 1955; Matsubayashi, 1955 Matsubayashi, , 1991 Hawkes, 1958 Hawkes, , 1990 Irikura, 1976) . Most authors agree on a five-genome hypothesis, although they do not use standard letter designations. The latest review of genome hypotheses by Matsubayashi (1991) designates genomes as A, B, C, D, and E. The A genome and its superscripted minor variants are part of the genomes of all diploid and polyploid species except for the non-tuber-bearing species of Solanum section Etuberosum that are designated as E genome species. The B genome is associated with the Mexican tetraploid wild species of ser. Longipedicellata; the C genome is associated with the Mexican, Central, and South American wild species of the ser. Conicibaccata; and the D genome with the Mexican hexaploid wild species of ser. Demissa.
Meiotic studies show the tetraploid species of ser. Longipedicellata to form 24 bivalents at metaphase I and generally to form 12 bivalents and 12 univalents in artificial hybrids with a typical A genome diploid, S. chacoense. Matsubayashi (1955 Matsubayashi ( , 1991 , Irikura (1976) , Ramanna and Hermsen (1979) , and Hawkes (1990) postulated that members of ser. Longipedicellata are strict allotetraploids, with distinct A and B genomes. Hawkes (1990) suggested that the B genome was a primitive indigenous genome from Mexico, that the A genome was a recent migrant from South America, and that the members of ser. Longipedicellata are allopolyploid derivatives of Correll (1962) and Hawkes (1990) Correll (1962) and Hawkes (1990) . Lines connect only points of disagreement between treatments.
hybridization between these A and B genome diploids. See Spooner, van den Berg, and Bamberg (1995) for a summary of these genome formulae by different authors for ser. Longipedicellata, ser. Demissa, and ser. Tuberosa.
Endosperm Balance Numbers-A major isolating mechanism in section Petota is governed by a strong crossing barrier evidenced by endosperm breakdown in hybrids differing by EBN compatibilities, referred to as the Endosperm Balance Number (EBN) hypothesis (Johnston et al., 1980; Hanneman, 1994) . Species are assigned an EBN based on their ability to cross within EBN levels, using standard tester species. Within sect. Petota, species are 2x(1EBN), 2x(2EBN), 4x(2EBN), 4x(4EBN), and 6x(4EBN). Doubling ploidy doubles EBN (Hanneman, 1994 Crossing relationships among species of ser. Longipedicellata-Hawkes (1966 and Matsubayashi (1991) documented that artificial interspecific hybrids within ser. Longipedicellata are fully interfertile. This contrasts sharply with general lack of intercrossability among species in the Mexican and Central American 6x(4EBN) species of ser. Demissa. In summary, species of ser. Longipedicellata are freely intercrossable with each other but have a strong EBN-based biological isolating mechanism from members of ser. Demissa and ser. Tuberosa and possess unique (putative) AABB genomes.
Purpose of the present study-This study contributes to our goal to produce a monograph of Solanum sect. Petota for North and Central America. It follows a morphological study of the six Mexican and Central American species in ser. Demissa (Spooner, van den Berg, and Bamberg, 1995) , chloroplast DNA (cpDNA) restriction site studies of the ϳ30 wild potato species of North and Central America (Spooner and Sytsma, 1992) , cpDNA studies of the Mexican and Central American species S. bulbocastanum and S. cardiophyllum (Rodríguez and Spooner, 1997) , and field trips to Mexico and Central America (Spooner et al., 1991 (Spooner et al., , 2000 Rodríguez et al., 1995) . It also is part of a goal to better define species boundaries and relationships of wild potatoes to better classify the holdings of the world's genebanks. We pose the following two questions in this study: (1) What is the pattern of character state variation in the six tetraploid species of ser. Longipedicellata, and does this provide morphological support for these species? (2) Is there a practical taxonomic separation of members of ser. Longipedicellata from phenetically similar members of ser. Tuberosa using S. avilesii, S. gourlayi, and S. verrucosum as placeholders in reference to an earlier study of the S. brevicaule complex (van den Miller and Spooner, 1999) , and to S. demissum (ser. Demissa)?
MATERIALS AND METHODS
Species-We analyzed a total of 113 accessions (Table 2 ) and mapped the North and Central American ones to 48 generalized geographic regions (Fig.  2 ). This included all six species of ser. Longipedicellata: S. fendleri (32 accessions), S. hjertingii (10) , S. matehualae (1; the only accession available of this rare species), S. papita (14) , S. polytrichon (13) , and S. stoloniferum (29). We did not classify S. fendleri and S. stoloniferum to the subspecies of Hawkes (1990; Fig. 1 ) because not all accessions are identified to subspecies (Bamberg et al., 1996) and because of the uncertainty of many of these identifications. We also analyzed morphologically similar species in ser. Demissa (S. demissum, 4), ser. Tuberosa (S. avilesii, 2; S. gourlayi, 3; and S. verrucosum, 3) ; and yet morphologically more dissimilar species in ser. Tuberosa (S. berthaultii, 1) and ser. Yungasensia (S. chacoense, 1).
All accessions were from the National Research Support Program-6 (NRSP-6; formerly the Inter-Regional Potato Introduction Project, IR-1; Bamberg et al., 1996) . They represent the maximum geographic distribution available from the NRSP-6 collection ( Fig. 2) , and nearly the entire geographic ranges for these species as mapped by Hawkes (1966) . Vouchers are deposited at the NRSP-6 herbarium in Sturgeon Bay, Wisconsin (PTIS, see http:// www.nybg.org/bsci/ih/ih.html). Identifications of these accessions have been provided in past years by visiting taxonomists during on-site visits to NRSP-6 to identify living representatives in field plots.
To aid in communicating intra-accession variation and interspecific similarity of all six species within ser. Longipedicellata and morphologically similar species in ser. Tuberosa (S. avilesii, S. gourlayi, and S. verrucosum) , and ser. Demissa (S. demissum) we show leaf variation (Fig. 3) . We selected these accessions to illustrate variation within and between accessions, species, and series.
Seeds were planted in a greenhouse in early May, seedlings were transferred to peat pots in late May, and six individuals per accession were transplanted together in rows in a field plot at the University of Wisconsin Hancock Agricultural Experiment Station in early June. The study was replicated in the same field, for a total of 12 plants planted per accession.
Data measurement-The middle three of the six plants per row were measured for each accession. We measured 47 quantitative and seven qualitative characters (Table 3) when the plants were in full bloom in August, or in September for fruits, that set naturally in the field. Trichome density (characters 3-4) was assessed from young, fully expanded leaves in the interveinal areas, using a hand-held clear acetate strip with different numbers of points per square centimetre. Leaf measurements were made on the largest leaf per plant. Floral characters were measured on the uppermost inflorescence. Corolla colors were measured with the aid of the Royal Horticultural Society Colour Charts (Royal Horticultural Society, 1986) , based on recommendations of Tucker, Maciarello, and Tucker (1991) . Because of varying colors and color intensities from blue to violet and white, and difficulty of ordering the colors by eye, we determined color intensity from charts with a Minolta chroma meter CR-221. Data analysis-For phenetic analyses, accessions were averaged over the two replicates (six plants in total). Thus the accession is the Operational Taxonomic Unit, OTU. Each character was analyzed for its mean, range, and standard deviation. Differences among taxa were determined by one-way AN-OVA (P ϭ 0.05), using species as the grouping criterion by one-way ANOVA in JMP statistical software (SAS, 1995) . Dendrograms including all accessions were produced by NTSYS-pc R version 1.70 (Rohlf, 1992) . Averages for each character were standardized (STAND) and similarity matrices (in SIMINT), using average taxonomic distance (DIST), Manhattan distance (MANHAT), and product-moment correlation (CORR) were generated. Clustering was performed using the unweighted pair-group method (UPGMA) in SAHN. Cophenetic correlation coefficients (COPH and MXCOMP) were used to measure distortion between the similarity matrices and the resultant three phenograms (Rohlf and Sokal, 1981; Sokal, 1986) . Principal components analysis (PCA), canonical discriminant analysis (CDA), and stepwise discriminant analysis (SDA) were performed by SAS Version 7 (SAS, 1998) using PRIN-COMP, CANDISC, and STEPDISC, with the means of six individuals per accession. The PCA, CDA, and SDA were run twice, once with all taxa and all characters. They were run again with only the six species of ser. Longipedicellata and with a reduced character set that showed significant differences among any two pairs of species in ser. Longipedicellata, using the Tukey-Kramer HSD test in JMP software (SAS, 1995) . The dendrograms were produced only with all taxa and all characters.
PCA and CDA are both ordination techniques, but PCA makes no assumptions about group membership of OTUs. It attempts to portray multidimensional variation in the data set in the fewest possible dimensions, while maximizing the variation. CDA uses assigned groups to derive a linear combination of the variables (morphological characters) that produces the greatest separation of the groups (SAS, 1998) . Cluster analysis, like PCA, makes no assumptions about group membership; it produces trees based on average similarity of all data. It is convenient graphically for studies such as this one with many OTUs, because of ease of labeling the terminal branches. PCA and dendrograms therefore are more appropriate to explore phenetic structure without any assumptions of species boundaries, while CDA is an appropriate technique to test preexisting classifications. Because these phenetic approaches use very different algorithms and operate under very different assumptions about the data set, we used all three analyses in our exploration of phenetic structure in Solanum ser. Longipedicellata and the other species outside of this series.
RESULTS
Character state variation-The Tukey-Kramer HSD test determined that 38 of the 54 characters were significantly different (P ϭ 0.05) between at least two species. We illustrate [Vol. 87 AMERICAN JOURNAL OF BOTANY a Species abbreviations follow Hawkes (1990) . avl ϭ S. avilesii, ber ϭ S. berthaultii, chc ϭ S. chacoense, dms ϭ S. demissum, fen ϭ S. fendleri, grl ϭ S. gourlayi, hjt ϭ S. hjertingii, mat ϭ S. matehualae, plt ϭ S. polytrichon, pta ϭ S. papita, sto ϭ S. stoloniferum, ver ϭ S. verrucosum.
b Map numbers correspond to Fig. 2 ; S refers to unmapped accessions from South America. c United States Department of Agriculture Plant Introduction Numbers.
the means, ranges, and standard deviations of 24 of these 38 characters, and chose them based on using all 19 characters of the SDA of the reduced data set, and then five important characters based on the PCA and CDA analyses of the reduced data set. All characters are highly polymorphic, and there are few absolute species-specific character states within ser. Longipedicellata (Fig. 4) .
Phenetic results-The entire data set resulted in over 36 600 data points. A PCA of the entire data set is presented in Fig.  5 . Principal components 1, 2 and 3 account for 17.9, 10.9, and 7.9% of the variation, respectively, for a total of 36.7%. PCA axis 1 is most highly influenced by (presented in decreasing order of loadings) (1) length of most distal lateral leaflet lamina, (2) ratio: length of most distal lateral leaflet lamina from its widest point to apex/length of lamina, (3) leaf length, (4) leaf width across the most distal lateral leaflet pair, (5) length of anther; PCA axis 2 by (1) width of most distal lateral leaflet 5 mm below apex, (2) width of terminal leaflet 5 mm below apex, (3) length of terminal leaflet lamina, (4) ratio: length of terminal leaflet lamina from its widest point to apex/length of lamina, (5) ratio: length of most distal lateral leaflet lamina/ width of lamina; PCA axis 3 by (1) ratio: length of terminal leaflet lamina/width of lamina, (2) shape of most distal lateral leaflet base, (3) shape of terminal leaflet base, (4) corolla ratio 1, (5) ratio: length of calyx lobe/width. The PCA (interpreting axes 1, 2 and 1, 3 as a unit) separates S. berthaultii, S. chacoense, S. demissum, and only very weakly separates S. gourlayi and S. verrucosum, and intermixes other species.
The dendrogram of the entire data set produced by DIST (Fig. 6) had the highest cophenetic correlation coefficient (0.76), only slightly higher than those produced by MANHAT, 0.75; CORR was 0.58. Rohlf (1992) stated that cophenetic correlations between 0.8 and 0.9 could be interpreted subjectively as good fits to the cluster analysis, and those between 0.7 and 0.8 as poor fits. It clearly separates the morphologically most dissimilar species, S. chacoense and S. berthaultii, at the very base of the tree. All four accessions of S. demissum cluster near the base of the tree. The other non-ser. Longipedicellata species cluster among ser. Longipedicellata species. All three accessions of S. verrucosum cluster. The two accessions of S. avilesii and three accessions of S. gourlayi (ser. Tuberosa) are intercalated in the members of ser. Longipedicellata. Regarding ser. Longipedicellata, S. matehualae and S.
[Vol. 87 AMERICAN JOURNAL OF BOTANY Fig. 3 . Representative leaves of all six species of series Longipedicellata, followed by leaves of the phenetically similar species S. avilesii, S. gourlayi and S. verrucosum (ser. Tuberosa) and of S. demissum (ser. Demissa). hjertingii form a cluster. All other species, S. fendleri, S. papita, S. polytrichon, and S. stoloniferum are intermixed on the tree.
The CDA of the entire data set is not shown. CDA axis 1 is most highly influenced by (presented in order of decreasing levels of total canonical structure): (1) ratio: length of fruit/ width of fruit at its wider dimension, (2) fruit length, (3) style curvature, (4) ratio: length of pedicel/length from base of pedicel to articulation, (5) ratio: length of calyx lobe/width; CDA axis 2 by (1) corolla ratio 1, (2) radius of corolla, (3) ratio: length of calyx lobe/width, (4) adaxial leaf pubescence type, (5) A PCA of the reduced data set (only ser. Longipedicellata, only 38 of 54 characters) is presented in Fig. 7 . Principal components 1, 2, and 3 account for 20, 13.4, and 10.4% of the variation, respectively, for a total of 43.8%. PCA axis 1 is most highly influenced by (presented in decreasing order of loadings) (1) radius of corolla, (2) length of stamen, (3) pedicel length, (4) length of style, (5) number of interjected leaflets; PCA axis 2 by (1) ratio: length of terminal leaflet lamina from its widest point to apex/length of lamina, (2) length of terminal leaflet lamina, (3) pedicel pubescence posture, (4) length of calyx acumen, (5) width of most distal lateral leaflet 5 mm below apex; PCA axis 3 by (1) length of style, (2) length of style exsertion from apex of anther column, (3) ratio: length of terminal leaflet lamina/width of lamina, (4) density of adaxial pubescence, (5) The CDA of the reduced data set is shown in Fig. 8 . CDA axis 1 is most highly influenced by (presented in order of decreasing levels of total canonical structure): (1) length of style, (2) length of style exsertion from apex of anther column, (3) density of adaxial leaf pubescence, (4) style curvature, (5) corolla ratio 1; CDA axis 2 by (1) pedicel pubescence posture, (2) abaxial leaf pubescence, (3) adaxial corolla color of interpetalar tissue, (4) ratio: length of terminal leaflet lamina from its widest point to apex/length of lamina, (5) ratio: length of terminal leaflet lamina/width of lamina. This final analysis, using only members of ser. Longipedicellata, and a reduced data set of only 38 characters, separates three groups: (1) S. Fig. 4 . Means, ranges, and one standard deviation of the mean for 24 of the 54 characters examined in this study showing the greatest differences among taxa of Solanum avilesii ϭ avl; dms ϭ S. demissum; fen ϭ S. fendleri, grl ϭ S. gourlayi, hjt ϭ S. hjertingii, mat ϭ S. matehualae; plt ϭ S. polytrichon; pta ϭ S. papita; sto ϭ S. stoloniferum; ver ϭ S. verrucosum.
[Vol. 87 AMERICAN JOURNAL OF BOTANY Fig. 5 . Principal components analysis of the entire data set based on 54 morphological characters (Table 3) The SDA of the reduced data set used 19 characters to try to separate the six species of S. ser. Longipedicellata. The ten best characters, in decreasing order of discriminative utility, were: (1) length of style, (2) pedicel pubescence posture, (3) stem diameter at base, (4) density of adaxial leaf pubescence, (5) width of terminal leaflet 5 mm below apex (6) adaxial corolla color of interpetalar tissue, (7) style curvature, (8), ratio: abaxial corolla color of interpetalar tissue/abaxial corolla color of ray of petal, (10) fruit length.
DISCUSSION
Species distinctions within ser. Longipedicellata-Some, but not all of the character states used in existing keys and descriptions to distinguish taxa within ser. Longipedicellata, are supported by our data (compare Fig. 4 to Table 1 ). These characters are difficult to use for the practical needs of construction of keys and diagnoses of taxa, however, because their character states overlap among taxa. Low density of leaf trichomes (3) and short leaf trichomes (5) somewhat distinguish S. hjertingii and S. matehualae. High density of leaf trichomes (3) and long leaf trichomes (5) somewhat distinguish S. polytrichon, while widely spreading trichomes on the pedicel (32) do a much better job of distinguishing this species. It is hard to compare our data on numbers of lateral (10) and interjected leaflets (11) to putative species-specific character states because of non-parallel descriptions and much overlap of putative character states. However, there are wide ranges and standard deviations for all species, with S. stoloniferum tending to have greater numbers of interjected leaflets (11) . Regarding size differences between terminal and lateral leaflets, there are no statistically significant differences among species in size of the first lateral leaflets (18-22), but the terminal leaflets of S. fendleri and S. polytrichon are larger than other species, matching the descriptions, with much overlap with the other species. Solanum papita and S. polytrichon do not have longer petiolules of the terminal (12) or lateral leaflets (18). Solanum papita does have corollas with the smallest diameter (38) (2ϫ our radius measure of Fig. 4 , 9-13 mm, for a total of 18-26 mm), but never as small as the descriptions of 10-15 mm, with considerable overlap with other species. The ranges of corolla colors (41) (42) (43) (44) (45) (46) in the descriptions matches our data but do not provide key characters for comparisons. Style length (49) and style exsertion (50) distinguish S. hjertingii and S. matehualae, with overlap with other species. Length of calyx (34) and number of flowers (33) show no statistically significant difference among any species. Solanum fendleri and S. papita do not show the lowest mean anther length (48).
It is difficult to make firm generalizations about the characters most affecting structure of the ser. Longipedicellata Fig. 6 . UPGMA dendrogram (DIST similarity option) of the entire data set based on 54 morphological characters (Table 3) . Species codes as in Fig. 4 , accession numbers as in Table 2 . S ϭ South America, unmapped in Fig. 2. PCA and CDA because of mixture of character types on different axes. However PCA axis 1 generally is most highly influenced by size of flower parts, PCA axis 2 by terminal leaflet shape and size, and PCA axis 3 by style length. The CDA axis 1 is most highly influenced by style length and curvature, and CDA axis 2 by pubescence of pedicel and leaf. The results of the two most important characters of the SDA are illuminating. The first character, length of style, characterizes S. hjertingii ϩ S. matehualae, while the second character, pedicel pubescence, characterizes S. polytrichon.
Species distinctions are further complicated by intra-accession variation, illustrated in the leaves of S. hjertingii, S. papita, and S. polytrichon (ser. Longipedicellata), S. avilesii, S. gourlayi, and S. verrucosum (ser. Tuberosa) , and S. demissum (ser. Demissa) (Fig. 3) . Correll (1962, his plates VIII-X) dramatically illustrated such intra-accession variation in three specimens of S. demissum (Correll 14238) , one collected in the field in Mexico, one grown from tubers of this accession in a greenhouse in Maryland, and another grown from tubers of the same accession in a field in Wisconsin. The taxonomic difficulty of sect. Petota comes into focus considering such intra-accession variation and the lack of clear diagnostic characters separating species.
Phenetic structure of ser. Longipedicellata relies entirely on polythetic support, i.e., grouping taxa that have the greatest number of shared features, no single feature of which is essential for group membership or is sufficient to make an organism a member of a group (Sokal and Sneath, 1963; Stuessy, 1990 ). This pattern is proving to be the rule in species in sect. Petota (Spooner and van den Berg, 1992b; Giannattasio and Spooner, 1994a, b; Spooner, van den Berg, and Bamberg, 1995; Castillo and Spooner, 1997; van den Berg et al., 1998) . Clearly, keys and descriptions of species that ultimately are recognized in ser. Longipedicellata will need to account for the intra-accession and interspecific variation inherent in the group.
Our results make a clear case for the reduction of the six species of ser. Longipedicellata to the three species S. hjertingii, S. polytrichon, and S. stoloniferum (the earliest names). We suspect that these will be the species we ultimately recognize in our potato flora of North and Central America, but we await a formal taxonomic treatment of these species for four reasons. First, our morphological data are from germplasm accessions grown in an atypical environment. However, this allowed us to measure all organs, including delicate floral organs that often are missing or poorly preserved on herbarium specimens and leaves of comparable size, and our results match our intuitive impressions of herbarium specimens collected from the wild. Second, we wish to be conservative in making taxonomic changes in this economically important group as the scientific literature reports on evaluations of wild potato species literally every month. Third, we await results of our molecular studies on this group. However, cpDNA studies of all of these species (Spooner and Sytsma, 1992; Spooner and Castillo, 1997 ) groups them in polytomies or includes them all in the same clade and separates them only on small branches. Fourth, we wish to study type material to insure that our collections are properly identified.
Distinction of ser. Longipedicellata to ser. Demissa and ser. Tuberosa-Our measurements of the corolla shape and petiolule characters used by Correll (1962) and Hawkes (1990) for ser. Longipedicellata, ser. Demissa and ser. Tuberosa fail to distinguish them, and our data show no series-specific character states (Fig. 4) . Morphology, therefore, does not provide any absolute character states to clearly separate members of ser. Longipedicellata from our placeholder members of ser. Tuberosa (S. avilesii, S. gourlayi, and S. verrucosum), or ser. Demissa (S. demissum). The morphological study of the S. brevicaule complex (van den similarly showed the placeholder taxa of ser. Longipedicellata and ser. Tuberosa examined here to be distinguished from each other only by character states with overlapping ranges, not by more practical breaks between quantitative character states or by qualitative characters. This is illustrated in representative leaves of members of all of these series (Fig. 3) that show great similarity of overall form and no evident character states separating series, a pattern typical of all other character states in these series. There are simply few if any qualitative characters useful for distinguishing these species and even series. Our present results help to document and explain the reason for the continuing disagreement among taxonomists for species and series boundaries in the group (Spooner and van den Berg, 1992a) .
Our results provide no answer to the question of the evolution of members of ser. Longipedicellata. The AABB genome hypothesis suggests an allopolyploid origin of the series, but the parental species are unknown. Even if they were known, McDade (1990) and Rieseberg and Ellstrand (1993) point out that hybridity is not always associated with additive morphology. Our results show extensive similarity of species across three currently recognized series, suggesting that it would be difficult to find clear species-specific morphological markers for putative progenitors of the series. We can only speculate about origins based on other data. Ortiz and Ehlenfeldt (1992) use EBN to speculate on the origin of the series by bilateral sexual polyploidization of two 2x(1EBN) species, or alternatively by bilateral sexual polyploidization of two 2x(2EBN) species followed by a reduction in EBN. None of these hypotheses, however, has ever been tested. The allopolyploid origin of the series can also be tested at the molecular level by searching for additivity of species-specific molecular markers (e.g., Dvorak and Zhang, 1992) , or at the cytological level by genomic in-situ hybridization, GISH (e.g., Bennett, Kenton, and Bennett, 1992; Jiang and Gill, 1994) .
Despite the great morphological similarity of members of ser. Longipedicellata to some members of ser. Tuberosa, they are reproductively isolated based on their 4x(2EBN) crossability, and possibly by their AABB genome constitution. This supports S. hjertingii, S. polytrichon, and S. stoloniferum as worthy of taxonomic recognition separate from the morphologically similar species in Mexico and South America. This example clearly demonstrates a conflict of a morphological and a biological species concept, and the continuing difficulty in the use of morphology for the preparation of keys and descriptions, and identification of specimens. Earlier we (Spooner and van den Berg, 1992a) criticized the use of geographical characters in keys of Correll (1962) and Hawkes (1990) to distinguish species. However, considering the difficulty of morphology to distinguish good biological species, this may be the only practical solution in key construction. A practical taxonomic treatment of the group using morphology likely will always be an elusive goal.
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